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is Associate Professor of Medicine, Harvard Medical School, Associate 
Director, Thorndike Memorial Laboratory, and Physician-in-Chief, 
Fourth Medical Service, Boston City Hospital. Dr. Finland is known for 
his many contributions to the literature of infectious diseases and chemo- 
therapy. 


Part I of this three-part series appeared as the December 1959 issue. 
It dealt with general considerations of chemoprophylaxis and its appli- 
cation to streptococcal infections, rheumatic fever, glomerulonephritis 
and bacterial endocarditis. 

Part II appeared as the July 1960 issue and dealt with other applica- 
tions in general medicine and pediatrics. 


CHEMOPROPHYLAXIS IN SURGERY 


NEARLY all surgeons who have had extensive experience with 
infections in surgery and have studied the problem agree that 
the routine use of antibacterial agents in “clean” operations is 
not indicated; many of them consider it undesirable, and a few 
believe it is dangerous (1-9). Nevertheless, the number of ex- 
ceptions in specific situations makes an imposing list of major 
(and many minor) surgical operations for which they consider 
antibiotic prophylaxis to be desirable or useful. Nearly all agree 
that antibiotics should be used in operations through infected 
areas of the gastrointestinal, respiratory and genitourinary 
tracts. This is often broadened to include the entire field of oral 
surgery, except for minor procedures or operations in the healthy 
mouth (10), and all operations on the alimentary canal, al- 
though some would specifically exclude elective operations on 
the stomach for peptic ulcers (4). Prophylactic drugs are often 
recommended whenever a catheter is required for bladder drain- 
age, even though the urine is originally not infected, and, in 
fact, in any operation involving the urinary tract (2, 8). 
Extension of chemoprophylaxis to certain clean operations 
has been generally recommended and justified either because 
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infections in the areas involved are particularly serious or be- 
cause the operations may be prolonged and thus liable to 
contamination. Neurosurgical operations, open-heart surgery, 
operations on blood vessels and orthopedic operations would be 
included in this category, especially if they involve insertion of 
foreign bodies. Antibacterial prophylaxis is also advocated for 
patients considered to be particularly liable to infectious com- 
plications, such as the elderly ones with chronic low-grade in- 
fections of the urinary or respiratory tract, patients under 
treatment with adrenocortical steroids and those exposed to 
extensive radiation. All agree on the indication for prophylactic 
antibiotics during operations or manipulations in the oral cavity 
and the genitourinary tract in patients with rheumatic or con- 
genital heart disease in order to prevent bacterial endocarditis; 
this aspect has been reviewed in the earlier section I (11). 

It is interesting, however, that controlled studies have failed 
to demonstrate any advantage of routine use of antibiotics in 
some of the situations in which it has been generally considered 
to be indicated. It may be helpful, therefore, to review some of 
the recent reports of studies on chemoprophylaxis in various 
types of surgery. 


OBSTETRICS 


It was the striking effectiveness of the first sulfonamide, 
Prontosil, in the treatment of hemolytic streptococcal puerperal 
sepsis that really launched the modern era of antimicrobial 
therapy. It was to be expected, therefore, that antibacterial 
agents would be used extensively in the treatment and pro- 
phylaxis of infections complicating childbirth. Well-controlled 
studies of the efficacy of these agents are, however, few, and 
most of them were reported several years ago. Streptococcal in- 
fections have become uncommon in obstetric and other hospital 
practice and infections with antibiotic-resistant organisms are 
more frequent, so that the current status of antibacterial agents 
is difficult to evaluate on the basis of these older reports. 

Early in 1946, Power and Cravotta (12), after a survey of 
the use of penicillin in obstetrics, concluded that prophylactic 
administration following rupture of the membranes or inertial 
labor and in potentially infected patients “has not failed to 
assure a smooth convalescence and has shortened the period of 
hospitalization. Following cesaerean section, especially in in- 
fected and potentially infected cases, the margin of safety is 
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undoubtedly increased. . . .” In a larger and controlled study, 
Pierce (13) in 1948 reported 2.3% morbidity due to genital 
tract infections in several hundred women treated with a vaginal 
suppository of 200,000 units of penicillin immediately after de- 
livery, as compared with 5.3% among controls and even higher 
figures in the preceding 10 years. He considered this usage 
to be of particular value in early rupture of membranes, pro- 
tracted labor and genital tract infections; the amount of nursing 
care and the number of hospital days and of genital infections 
were reduced. In another large series, Tupper and Davis (14), 
using what would now be considered small doses, e.g., 20,000 
units of penicillin immediately post partum and every 3 hours 
for 10 days, recorded a reduction to 2.2% in standard morbidity 
from 7.4% in the previous year when penicillin was not used. 
There were fewer fevers, early and late, and the morbidity dur- 
ing operative procedures was less, the reduction being mostly 
in the genital infections. “Sapremia” was reduced from 12 to 
6% and the average hospital stay was also shortened, but there 
was no difference in the incidence of mastitis. 

Controlled studies of vaginal cultures during the puerperium 
indicated that it was possible to disinfect the uterus in most 
women by the administration of various doses of penicillin (15) 
or of chlortetracycline, 2.0 Gm. per day (16). Most of the 
organisms recovered during penicillin therapy were nonpatho- 
gens, and the only penicillin-sensitive organisms were cultured 
more than 48 hours after the use of small doses. A reduction in 
maternal infections was achieved with chlortetracycline. 

Keetel and co-workers (17, 18) reported on the effect of pro- 
phylactic penicillin in 2 successive series of deliveries with 
concomitant controls. In both instances, there was a reduction 
in incidence of the puerperal fevers, particularly those of 2 or 
more days’ duration, but the infant mortality was unaffected. 
They concluded that there was no reason for prophylaxis in 
normal women, but that it should be used under conditions that 
predispose to infection (18). From experience with small groups 
of patients given penicillin with or without streptomycin, Hessel- 
tine and Kephart (19) concluded that such treatment had no 
proved value as routine practice but was probably useful in 
selected cases under close management, presumably by provid- 
ing early therapy in such conditions. In a controlled study of 
100 patients with premature rupture of membranes and pro- 
longed labor given penicillin at regular intervals before de- 
livery, Siddall (20) observed considerable protection against 
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puerperal infection, but this was far from complete and there 
appeared to be no advantage to the child. In 228 patients with 
various complications of pregnancy Posner et al. (21) used 
tetracycline (2 Gm. in 4 doses orally or 1 Gm. in 2 doses intra- 
venously daily); “the results, with few exceptions, were re- 
markable,” and there were few side effects, usually minor. They 
considered tetracycline to be ideal for prophylaxis and treat- 
ment of obstetric infections. 

Unfortunately, more recent experiences in general hospitals 
and during the many outbreaks of infections in nurseries indi- 
cate that staphylococci and other organisms resistant to peni- 
cillin, the tetracyclines and other antibiotics are the major cause 
of infections in hospitals today (22); and this is probably true 
in lying-in hospitals as well. Studies of prophylaxis with anti- 
biotics in these circumstances are urgently needed to determine 
their current value. The controlled studies of Kass on the pre- 
vention of pyelonephritis in pregnancy and possibly of prema- 
turity and perinatal death by treatment of asymptomatic bac- 
teriuria during pregnancy indicate that properly directed and 
controlled chemoprophylaxis may have an important place. 
These studies are considered later i in the section on the urinary 
tract. 


SEPSIS IN GENERAL SURGERY 


Although antibacterial agents came into use as a routine 
measure for the prevention of postoperative sepsis in this and 
many other countries after World War II, there are few con- 
trolled observations from which the value of such prophylaxis 
can be judged. The kind of experience that encouraged this 
practice is represented by the report of Griffin et al. (23) on the 
prophylactic chemotherapy of appendicitis. They observed 108 
cases at Cook County Hospital during a 7-month period in 
1947. The mortality in these cases, in which penicillin and sulfa- 
diazine were used routinely after appendectomy, was 0.9%, in 
contrast with previous rates (in larger numbers of cases) of 
4.3% in 1944-1945, 3.9% in 1937-1938 and 7.6% in 1928-1932. 
These authors inferred that the morbidity and period of hos- 
pitalization were also reduced by the therapy. Although this 
was termed a preliminary report, there seems to have been no 
follow-up publication with additional data. 

In 1954, McKittrick and Wheelock (24) reviewed the com- 
plications of elective surgery on the gallbladder and bile ducts 
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at the Massachusetts General Hospital and could not demon- 
strate any benefit from the routine use of antibiotics. Indeed, 
there were more postoperative infections and fevers in those 
who had received an antibiotic than among comparable patients 
who had not. A later review by B. A. Barnes et al. (25) of 
1,947 herniorrhaphies and hysterectomies performed at the 
same hospital indicated that, when similar risks were com- 
pared, there was no evidence that the systemic use of antibiotics 
either increased or decreased the risk of sepsis. Linder (4) in 
1957, reported to the Royal Society of Medicine that, in his 
experience in Berlin, wound infections and pulmonary complica- 
tions after gastric operations were slightly more frequent in 
patients given antibiotics. Hasslinger (quoted by Taylor (8) ) 
reported a large series of gastrectomies in which he observed a 
greater incidence of local and chest complications in patients 
who had been given sulfonamides and antibiotics than in those 
not so treated. 

Howe (26) in 1956 reported a steady rise in surgical wound 

infections at the Massachusetts Memorial Hospital up to 1954; 
this was followed by both a significant lowering of the carrier 
rates of penicillin-resistant staphylococci and a 50% reduction 
of postoperative wound infections after the institution of a rela- 
tively simple program for prevention of cross-infection and judi- 
cious use of antibiotics. His experience suggested that the 
routine use of antibiotics prophylactically was more harmful 
than beneficial. Subsequently, in a summary of his own experi- 
ence and that of others, Howe (6) stated: 
When prophylactic antibiotic therapy is directed against mixed 
gram-positive and gram-negative organisms, there is a risk that a 
resistant organism will emerge to predominance .. . especially if 
broad spectrum therapy is prolonged. A new and less favorable bac- 
teriological problem may thus be created. The surgeon is usually 
dealing with such a polybacterial flora when he prescribes prophy- 
lactic antibiotics and the danger of setting the stage for staphylococcal 
complications is a real one. . . . The indications for prophylaxis in 
surgery are shrinking as experience accumulates. 

Similar experiences were reported by Adams (3) and by 
Harris (27), both of whom reduced the incidence of wound in- 
fections significantly by improving the protection of wounds 
against direct and indirect contamination in the operating room 
and the discontinuance of routine antibiotic prophylaxis. Wolma 
and Lynch (28) also concluded from their experience with 
postoperative infections that antibiotics should be used only 
when evidence of infection exists. They observed that it has 
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never been proved that prophylactic antibiotic therapy pre- 
vents infections, but it has been demonstrated that they hasten 
the emergence of antibiotic-resistant strains of organisms. 

From Columbus, O., J. Barnes et al. (29) reported that rou- 
tine injection in the recovery room of 600,000 units of benza- 
thine penicillin and 0.5 Gm. of dihydrostreptomycin in 449 
patients did not reduce the incidence of postoperative infections 
(11.4%) below the incidence (9.8%) in 558 control patients 
not given antibiotics. The prophylactic therapy, however, did 
predispose to the emergence of penicillin- and streptomycin- 
resistant bacteria which were found in 76% of strains from 
treated patients and in 22% from controls. Another controlled 
study of the routine use of penicillin and streptomycin after 
clean operations was reported by Sanchez-Ubeda et al. (30). 
The prevalence of infectious complications was not affected, 
but there was an increase of infections with penicillin-resistant 
staphylococci in the hospital. These workers also cautioned 
against introducing prophylaxis with other antibiotics until 
there is clear-cut evidence that the general surgical patient will 
benefit from it. 


POSTOPERATIVE PULMONARY COMPLICATIONS 


Hoerr (31) found the incidence of pulmonary complications 
following elective operations on the upper abdomen to be iden- 
tical in patients treated with therapeutic doses of penicillin and 
in those not given antibiotics. He considered that penicillin was 
not effective when used alone for prophylaxis, that prophy- 
laxis should be directed against the mechanical factors leading 
to atelectasis and that penicillin should be used only when in- 
fection occurred in the unexpanded lung. 


MISCELLANEOUS “CLEAN” SURGERY 


Elek and Conen (32) demonstrated that the pathogenicity 
and virulence of a small inoculum of Staphylococcus aureus in 
a fresh wound of a volunteer were greatly enhanced by the 
presence of a silk suture acting as a foreign body. When a 
suture was not left in the skin, as many as 7,000,000 staphylo- 
cocci were needed to induce a minimal pus-producing lesion. 
With a suture in place, as few as 300 organisms of the same 
strain and under similar conditions produced fever, systemic 
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symptoms and a severe local infection requiring incision and 
drainage. In one subject, the addition of chlortetracycline pre- 
vented the development of the suppurative lesion, suggesting 
that multiplication of the organism is also required. 

Using this lead, Echeverria and Olivares (33) incorporated 
chlortetracycline or neomycin in the sutures during operations 
by dipping the sutures in solutions of the antibiotics and found 
that the reaction along the suture line was thus improved. This 
requires further confirmation under controlled conditions and 
with various antibiotics and bacterial strains, particularly in 
view of the recent observations by Weaver and Middlebrook 
(34). They found that an experimental wound infection with a 
penicillin-resistant staphylococcus could be prevented in rab- 
bits by the administration of procaine penicillin, provided the in- 
oculum was small enough. This protection was lost if the staphy- 
lococcus put into the wound had been exposed to penicillin 
before the inoculation. These workers concluded that penicillin 
should be kept out of the environment wherever penicillin- 
resistant staphylococci are prevalent. They did not test the use 
of tetracycline in a similar manner with tetracycline-resistant 
staphylococci. 

These observations of Weaver and Middlebrook are also of 
interest in relation to the routine use of penicillin in wounds 
following closure of the fascia, as formerly employed by Caswell 
et al. (35). This procedure was, however, accompanied by 
numerous other environmental control measures and resulted 
in a precipitous drop in the incidence of wound infection. Sub- 
sequently, Caswell (36) questioned the value of the routine 
topical use of penicillin prophylactically in wounds. He believed 
that antibiotic prophylaxis might be limited to situations in 
which there was an epidemic of staphylococcal wound infec- 
tions, and then used only for a limited time, employing for 
this purpose such agents as neomycin and bacitracin to which 
the epidemic strain was susceptible. 

Moderately high concentrations of most antibiotics are well 
tolerated in the skin and probably do not interfere with wound 
healing. In guinea-pigs, Sergeant et al. (37) tested various 
tetracyclines, chloramphenicol, neomycin and polymyxin B in 
3% ointments applied to fresh experimental wounds. Only 
chlortetracycline retarded the healing time of the wounds. 

HERNIORRHAPHY.—Three recent comparisons of infections 
following herniorrhaphy with and without chemoprophylaxis 
are worth mentioning. The report of B. A. Barnes et al. (38) 
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from the Massachusetts General Hospital covered the years 
1937-1957. It included 273 patients who had full doses of an 
antibacterial agent before and for at least 4 days after the opera- 
tion and 1,295 others not given such therapy; infections oc- 
curred in 3.3% of the former and 4.1% of the latter. Eisenman 
(39) noted no difference in the infection rate in 400 consecu- 
tive herniorrhaphies in which antibacterial prophylaxis had 
been used and in 400 others in which it had not been used. He 
termed this type of prophylaxis “an odious practice.” Finally, 
Myers (40) collected the case records of both simple and com- 
plicated herniorrhaphies from 24 community hospitals in 7 
states. He found that the use of antibiotics prophylactically 
varied from 7 to 100% in different hospitals. Infection occurred 
in 4.0% of 496 patients in whom antibiotics were used but in 
only 1.3% of 943 untreated patients. From a study of these 
cases he concluded that 74% of all the patients received the 
drugs needlessly, for an average of 5.1 days and at an average 
cost of $44.50 exclusive of the nursing time required for their 
administration. 

HysrerectomMy.—B. A. Barnes ef al. (38) also compared 
results following hysterectomy, with and without prophylactic 
antibacterial agents given routinely in the manner described 
for herniorrhaphy. Infections occurred in 3.8% of 920 prophy- 
lactically treated patients and in 3.5% of 4,273 patients oper- 
ated on without such therapy. 

ORTHOPEDIC SURGERY.—Tachdjian and Compere (41) re- 
viewed the records of 3,000 consecutive clean cases of major 
orthopedic operations performed on private patients by 7 attend- 
ing surgeons of 1 hospital between January 1952 and June 
1957. Major infections followed 1.89% of 1,900 operations in 
which antibiotics were prescribed as a routine, and in only 
0.74% of 1,100 operations in which they were not used at all. 
Antibiotics were used successfully to treat 6 of the 8 infections 
that occurred in patients who had not received them prophy- 
lactically, whereas most of the infections in the prophylactic 
group were due to penicillin-resistant staphylococci. The authors 
concluded that the routine use of antibiotics in orthopedic sur- 
gery is unwise. 

ARTERIAL PROSTHESES.—Infection is a major source of failure 
of the synthetic arterial prostheses (42). Although the prosthe- 
sis may retain its function during infection or without soft-tissue 
cover, it acts as a foreign body hindering the control of the in- 
fection and the attempt to cover it. Persistence of infection may 
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necessitate removal of the prosthesis and construction of a new 
channel or the sacrifice of a limb. Prophylactic antibiotic ther- 
apy has therefore been recommended, in addition to strict asep- 
sis (8, 9, 42), but there is no evidence that infection has been 
prevented by its use in such cases. 

BRAIN SURGERY.—Because of the danger and seriousness of 
introducing infection during long operations on the brain, pro- 
phylactic antibiotic therapy is often recommended (1, 8, 9). 
Nonirritating agents are required for topical, intraventricular 
or intracerebral use, and bacitracin has been found useful for 
that purpose (43). The optimal agents and methods are not 
well worked out, nor is the extent of the protection afforded. 
There is great need for data on infections developing during or 
soon after “clean” operations involving the brain and spinal 
cord with and without the use of antibiotics. 

CARDIAC SURGERY.—This was discussed in a previous issue in 
relation to the prevention of bacterial endocarditis (11). 


HEMORRHAGIC SHOCK 


Fine and his co-workers (44-47) have evolved the concept 
that endogenous bacteria and their toxic products play an im- 
portant role in irreversible hemorrhagic shock. In their hands, 
the mortality in animals in which such shock is induced experi- 
mentally has been conspicuously reduced by the administration 
of antibiotics intravenously or orally. Chlortetracycline, oxy- 
tetracycline and neomycin have been the most effective for this 
purpose, but they fail to protect if administration is delayed 
until after transfusions have failed to restore circulation. In 
their dogs, Clostridia are commonly found in the tissues but 
rarely in the blood during life; they are found in both after 
death, and other intestinal bacteria are also found in about one 
fourth of the animals (46). Similar protection is afforded to 
animals with experimental fecal peritonitis by administration of 
antibiotics before the onset of hypovolemic shock (47). 

The value of the prophylactic use of antibiotics in patients 
with extensive hemorrhage before or soon after shock develops 
has not been clarified, but the premise on which the procedure 
is based has been questioned by other workers. Thus, Hardy 
et al. (48) found no evidence of a bacterial factor in their experi- 
ments on dogs, although the animals given chlortetracycline 
did show a greater reduction in the number of positive blood 
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cultures. They suspect that antibiotics may have limited appli- 
cation. Downie (49), who has produced a standard type of 
hemorrhagic shock with bleeding into the jejunum and ileum 
of rats, was unable to show any reduction in mortality or in the 
extent of the hemorrhage by pretreatment of the animals with 
chlortetracycline. Moreover, McNulty and Linares (50), using 
germ-free animals, found that bacteria and bacterial products 
are not essential to the development of irreversibility in hemor- 
rhagic shock. 

A resolution of this problem, especially with respect to the 
value of antibiotics in patients with extensive hemorrhage, is 
obviously important, particularly in view of the fact that anti- 
biotic therapy itself is exceedingly difficult to manage once 
shock has developed to a point where renal function is impaired 
(51). The need for early and appropriate antibacterial therapy | 
of peritonitis before shock develops is understandable. 


THORACIC SURGERY 7 


Patients in whom operations are carried out through contami- 
nated areas of the lung should receive antimicrobial agents | 
which are active against the organisms that have been found or | 
are expected to be present (8, 52, 53). Eriksen et al. (53) found | 
that postoperative administration of routine doses of penicillin, 
penicillin plus streptomycin or chlortetracycline gave rise to ( 
totally resistant bacteria, especially Staph. aureus, and was ‘ 
associated with a high incidence of postoperative empyema. F 
They obtained better control by the use of “large” doses of 
penicillin (500,000—2,000,000 units twice daily), which were 
effective against “totally resistant” strains of staphylococci. 
They reported a reduction in the number of complications and 
also in the number of resistant staphylococci in personnel and 
materials on their wards. 

Other investigators have not had the same experience even 
when large doses of penicillin were used routinely. Blowers et 
al. (54) reported that infections of wounds and intrathoracic 
spaces with penicillin-resistant Staph. aureus became so com- 
mon that in 1952 it became necessary to close the thoracic sur- 
gery unit. Correction of faulty procedures reduced infection 
rates from 11 to 4% and the Staph. aureus carrier rates from 
74 to 37%, but this later rose to 62%. Before 1952, all major 
operations were done under an “umbrella” of penicillin from 
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the day before operation to recovery or at least for 10 days post- 
operatively. After 1948, streptomycin was included for the 
treatment of possible tuberculosis. After 1952, the routine use 
of penicillin for “clean” cases was abandoned and antibiotics 
were used only when the bronchus was divided. Established 
pyogenic infections were treated with appropriate agents. Grif- 
fiths (55) also reported that the routine use of penicillin failed 
to prevent postoperative chest infections. 

Therapy with antituberculous agents is indicated in resec- 
tional surgery for tuberculosis. Late reactivation of pulmonary 
tuberculosis is less frequent (6 or 7%) in patients who have 
received therapy with more than 1 antituberculosis drug for 6 
months or longer before the operation than in those treated for 
1 month or less (17%). The early postoperative mortality is 
not affected by the duration of previous treatment (56). 

Tubercle bacilli with varying degrees of resistance are often 
present in open cavities that have failed to heal under prolonged 
chemotherapy. With resection in such cases, it may be desirable 
to use some of the less common antituberculous drugs, although 
isoniazid in large doses appears to have some protective effect 
even when organisms resistant to it are present. Cycloserine, 
viomycin, pyrazinamide and kanamycin are available for this 
purpose, but there is not enough reliable information on their 
efficacy in these circumstances. The antimycobacterial action 
of tetracycline is inadequate for this purpose, and large doses 
are not tolerated well enough to be used. 


SURGERY OF THE BOWEL 


Bacteriologic studies of the stomach and duodenum at the 
time of operation have shown that they are usually free from 
bacteria in ulcer patients, but pathogenic organisms, mostly 
Escherichia coli, are usually found in the stomach when cancer 
is present (4, 57). In this instance, preoperative administration 
of oxytetracycline usually reduced or cleared the bacteria up to 
the day of operation but did not prevent an abundant growth 
as early as the day after operation. The flora was altered, how- 
ever, and resistant pathogens were then found which caused 
difficulties in the postoperative treatment of bacterial complica- 
tions (57, 58). Wound infections in 1 clinic were somewhat 
more frequent and more severe after partial gastrectomy when 
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antibiotics (penicillin plus streptomycin) were used routinely 
postoperatively than when they were not used (4). 

Campos et al. (59) found that the normal intestinal flora is 
altered by the oral administration of tetracycline, there being 
an overgrowth of aerobes, mostly coliforms and Proteus, a re- 
duction of sporulating anaerobes and rapid emergence of resist- 
ant strains. Anlyan et al. (60), however, reported a reduction 
in the bacterial counts but no marked change in the flora by 
tetracycline in doses up to 750 mg. every 6 hours for 48 hours. 
On the other hand, neomycin, 1 Gm. every 6 hours for 72 hours, 
inhibited almost the entire intestinal flora and appeared to be 
a safe and satisfactory preoperative preparation for operations 
on the colon and rectum. Side effects were similar from both 
drugs, consisting mostly of nausea and occasionally of vomiting. 

The longest experience with the use of antibacterial agents for 
bowel surgery is that of Poth (61, 62). By 1953, after 12 years 
of using various absorbable and nonabsorbable agents, Poth 
(61) recommended neomycin in combination with sulfathali- 
dine for intestinal antisepsis and urged that neomycin be re- 
served for this purpose only, in order to minimize the possibility 
of resistant organisms emerging. His regimen also includes a 
low residue diet, bowel cleaning by purgation with castor oil 
and enemas, decompression of the bowel before or at operation 
and placing of the antibiotic into the lumen of the bowel at 
operation. In 1957, Poth (62) again reviewed his experience 
and concluded that the danger from spillage had practically 
disappeared. He also stressed the need for preserving the blood 
supply and felt that parenteral administration of antibiotics 
was unnecessary except as added protection against ischemic 
necrosis. 

In 1958, Cohn (63) reviewed his studies on antibiotics in 
colon surgery done mostly with Longacre, over several years. 
He had studied some 28 antibacterial agents which he put into 
3 groups: (1) not recommended—all single absorbable chemi- 
cals and antibiotics; (2) satisfactory—neomycin alone or in 
combination with oxytetracycline or chlorquinaldol; and (3) 
recommended—(qa) for special use, neomycin with erythromy- 
cin, novobiocin, ristocetin or tetracycline, and (6) for general 
use, in combination with neomycin, either amphotericin or 
nystatin, bacitracin or polymyxin B, sulfathalidine or thio- 
strepton. These are combined with a cleansing regimen as rec- 
ommended by Poth and used for 72 hours. In addition, Cohn 
places the antibiotics into the bowel at operation and continues 
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their use in lower and less frequent doses through a plastic tube 
for 5 days. 

A comparison of the incidence of complications and deaths 
at the Mayo Clinic following the preoperative use of a tetra- 
cycline alone orally or a combination of penicillin, streptomycin 
and dihydrostreptomycin parenterally revealed no difference 
except that the tetracyclines were superior when intraperitoneal 
anastomosis was involved (64). Dearing (65) reviewed investi- 
gations of various antibacterial agents and concluded that their 
use before operation is desirable but that there is no ideal agent. 
He recommended neomycin and tetracycline for 36 hours before 
surgery and bacitracin postoperatively as soon as fluids are 
tolerated. He advised against the use of erythromycin, novobio- 
cin or oleandomycin preoperatively so that they might be 
reserved for specific purposes, particularly against resistant 
staphylococci. He would not recommend nystatin, feeling that 
the harmful role of the intestinal yeasts that appear during the 
short-term antibiotic regimens is not established. Sulfonamides 
are considered ineffective, streptomycin and chloramphenicol too 
erratic in their effects, and tetracyclines too likely to be fol- 
lowed by staphylococcal enteritis to warrant their use. Above 
all, Dearing emphasized that the antibacterial agents are not a 
substitute for sound surgical judgment and good surgical asep- 
tic technic. 

It is of interest that Tyson and Spaulding (66), after several 
years of intensive studies, decided to abandon the use of anti- 
biotic agents in bowel procedures not complicated by either 
significant obstruction or occlusive arteriosclerotic vascular dis- 
ease or when extensive surgery was not anticipated, their ad- 
vantages not often enough outweighing the disadvantages. They 
had encountered neomycin-resistant organisms in feces and 
considered this a good reason for limiting its use, and they felt 
the same way about antibiotics in general. They were also con- 
cerned about staphylococcal enteritis due to resistant strains. 

Above an obstruction, the small intestine contains a profuse 
growth of fecal flora, and the longer the obstruction, the more 
proximal this flora extends. Below the obstruction the contents 
are sterile or flora is scant. The peritoneum remains sterile as 
long as the bowel remains viable (67) . In experimental strangu- 
lation of the small bowel with obstruction and ischemic dam- 
age, Cohn (68) found that antibiotics facilitate recovery and 
help maintain the viability of the segment by preventing infec- 
tion which otherwise tends to destroy the ischemic area. This 
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has been confirmed by Barnett and Messina (69) and the ther- 
apy has been effective in human cases (63). 

Neomycin and tetracycline have been recommended by 
Schatten (70) for use intraperitoneally at the time of operation 
for acute bacterial peritonitis and continued through polyethy- 
lene catheters up to 72 hours postoperatively. Neomycin is 
preferable for this purpose, but its use may result in rapid onset 
of respiratory arrest that may prove fatal (71). This is due to 
a neuromuscular blocking effect which potentiates that of the 
anesthetic and may in turn be relieved by neostigmine (72). 
Streptomycin and kanamycin may also do this, but this com- 
plication apparently does not occur if the intraperitoneal in- 
stillations are begun after the effect of the anesthetic has worn 
off (73) and if moderate doses are used (74). 


CONTAMINATED WOUNDS, TETANUS AND 
GAS GANGRENE 


Experiences with battle casualties in World War II indicated 
that prophylactic administration of penicillin was useful in the 
management of contaminated wounds. Henneberg (75) sum- 
marized the consensus that antibiotics offer a valuable 6 hours 
of grace by delaying the development of infection and permit- 
ting more effective debridement. In Korea, clostridial infections 
were not a major problem because of the immediate response 
to adequate surgery and the continuous use of antibiotics which 
were made possible by the tactical conditions of a stationary 
front (76). Many of these Korean wounds were examined with- 
in 8 hours; about 44% of them yielded pathogenic Clostridia 
on culture at the time of debridement, but only 0.08% developed 
gas gangrene (76, 77). In a similar series of wounds treated in 
India during World War II, clostridial myositis developed in 
about 1.5% of cases, and during World War I the incidence was 
5%; the mortality from this infection in the two World Wars 
was about 30%, but there were no deaths from it in Korea (76). 

Experimental studies in animals may shed some light on the 
value of prophylactic antibiotic therapy in infected wounds. 
In 1949, Novak et al. (78) were able to show a remarkable 
reduction of mortality in mice infected with lethal doses of 
detoxified spores of Clostridium tetani (injected with calcium 
chloride) by the prophylactic use of procaine penicillin in 2% 
aluminum monostearate. The development of symptoms and 
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death were also delayed. The same dose was more effective when 
injected into the necrotic area than in some other site. Delay in 
the administration of the penicillin resulted in increased mor- 
tality. Penicillin was much more effective than antitoxin, but 
the combination was most effective and was recommended for 
use in human beings (79). 

Anwar and Turner (79a) studied the effects of various anti- 
biotics on tetanus organisms in vitro and their effects with and 
without antitoxin in experimental infections of mice, hamsters 
and rabbits. Only penicillin proved sporicidal but only at a 
concentration of 100,000 units in suspensions containing 2,000,- 
000 spores per ml. and after incubation at 37 C, not at 4 C. 
They found no significant difference in the effectiveness of peni- 
cillin, tetracycline or erythromycin in mice. The protective 
effect of penicillin and oxytetracycline was considerably re- 
duced if administration was delayed for 24 hours. Antitoxin 
alone afforded only temporary protection; but when given with 
oxytetracycline 24 hours after infection, tetanus did not de- 
velop. They concluded that penicillin and the tetracyclines are 
bactericidal in vitro and in vivo on vegetative forms and offer 
the best protection when given in doses comparable to those 
used in clinical cases; they are, therefore, the prophylactic 
agents of choice in previously unimmunized individuals. 

The combination of penicillin and polyvalent antitoxin 
was more effective than penicillin alone against infection with 
Cl. histolyticum, but not with Cl. bifermentans or Cl. novyi 
(80). It is essential to maintain inhibitory tissue levels with 
procaine penicillin to achieve the greatest reduction in mor- 
tality (80). Garrod (81) found the tetracyclines and penicillin 
to be the most effective antibiotics against various species of 
Clostridia in vitro and advocated the use of penicillin for the 
prevention and treatment of gas gangrene in battle wounds. 

In experimental massive traumatic wounds in goats, Mans- 
berger et al. (82) were able to demonstrate that prophylactic 
antibiotic therapy prolonged survival and that all of the agents 
used, except neomycin orally and dehydrostreptomycin intra- 
muscularly, were more effective for this purpose than only re- 
placement of blood. Broad-spectrum antibiotics were more effec- 
tive than those of limited spectrum. Indefinite survival followed 
the administration of blood and antibiotics immediately after 
the wounding, provided debridement was done within 4-6 
hours. The wounds in penicillin-treated animals showed a 
marked depression in bacterial counts lasting 6 hours; there- 
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after the organisms grew rapidly, approximating control levels 
at 18 hours after injury, at which time the spatial extent of in- 
fection did not differ in penicillin-treated and untreated ani- 
mals (83). 

Sanford et al. (84) studied the effect of early use of penicillin 
and oxytetracycline intramuscularly for contaminated traumatic 
soft-tissue wounds in rabbits. In nondebrided wounds, local in- 
fection was not prevented; but the period of its development 
was prolonged by such treatment, and systemic toxemia, bac- 
teremia and death were decreased if the wound was contami- 
nated with organisms that were sensitive in vitro. Large doses, 
however, had little if any effect if the organisms were resistant. 
Sublethal doses of total body x-radiation did not affect the 
results. In other experiments, Howes (85) obtained no effect 
with systemically administered antibiotics but could prevent 
infection of experimental crushed wounds when he used them 
locally in concentrations that were adequate but not injurious 
to tissues; he still advocates and uses topical antibiotic therapy 
in all wounds. 


BURNS 


The surface of a thermal wound is virtually sterile at incep- 
tion but rapidly becomes infected by a variety of common 
bacteria in most instances. During and after World War II, 
many studies were made on the effects of antibacterial prophy- 
laxis on the course of burns, particularly on the protection 
against infection, with observations on the bacterial flora and 
on the subsequent success of skin grafts. Personal experiences 
with the use of sulfadiazine systemically in severe respiratory 
and surface burns indicated that infection of deep burns was 
not prevented and usually occurred after the first week (86). 
Staphylococcus aureus was the most common organism in these 
burns, but hemolytic streptococci were sometimes present. In- 
fections were about as frequent in these cases as in similar ones 
treated at another hospital at the same time with much stricter 
asepsis and with topical use of penicillin in low concentrations 
in some cases (87) . The sulfonamides were probably responsible 
for minimizing pulmonary infections and for preventing many 
deaths from pneumonia. The results of the most extensive and 
continuous studies, however, have been reported from the Burns 
Unit of the Birmingham (England) Accident Hospital, and 
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some of them have been reviewed at different times (88-91), 
most recently by Taylor (8). 

The hemolytic streptococcus still appears to play an impor- 
tant role in the delay of healing and the failure of skin grafts. 
Penicillin applied in the form of a cream (1,000 units per Gm.) 
has reduced the incidence of this organism markedly but not 
completely, and reactions to such treatment have been relatively 
uncommon (about 0.5%) (92). Systemic treatment with peni- 
cillin, however, has failed to prevent colonization by hemolytic 
streptococci in spite of their remaining highly sensitive to it, 
presumably because the relatively low levels attained in the 
burned wound are rendered ineffective by the penicillinase-pro- 
ducing bacteria (especially staphylococci) that proliferate there 
(90). In addition, strains of hemolytic streptococci resistant to 
tetracycline and erythromycin have emerged during systemic 
treatment with these antibiotics (90). Considerable effort has 
also been made to prevent cross-infection by careful dressing 
technics and elaborate environmental controls, with partial suc- 
cess in reducing the incidence of streptococci; these procedures 
did not prevent colonization of the burn by strains of Staphylo- 
coccus, Pseudomonas and Proteus, which still is a serious prob- 
lem (88). 

Chemoprophylaxis against the last-mentioned organisms has 
proved disappointing. Initial successes in reducing the staphy- 
lococci by systemically administered tetracyclines or erythro- 
mycin were followed by the rapid emergence of resistant strains 
and subsequent failure to control the organisms. Lowbury (90) 
demonstrated clearly that the incidence of staphylococci resist- 
ant to these agents is directly related to the frequency with 
which they are used. Gibson and Thompson (93) showed that 
the incidence of chloramphenicol-resistant staphylococci also 
increases rapidly in a burns ward where this agent is used 
extensively. The use of combined therapy in attempts to pre- 
vent emergence of resistant variants has not always proved 
satisfactory (90). A trial of the combination of erythromycin 
and novobiocin, in spite of its early therapeutic effectiveness, 
proved disappointing because 20% of double-resistant staphylo- 
cocci appeared after it was used for 3 months. Staphylococci 
resistant to neomycin, bacitracin and chlorhexidine dihydro- 
chloride (Hibitane) were not encountered, however, and the 
incorporation of some of them with penicillin into ointments 
applied topically significantly reduced the frequency of implan- 
tation of antibiotic-resistant staphylococci. 


19 


hi 
n- 
i 
in 
od 
t 
“4 
he 
p- 
mn 
as 
| 
a 
er 
: 
id 
1d 
| 


Infection with Pseudomonas aeruginosa is particularly un- 
desirable in burns because of its destructive effects on the skin. 
This organism emerged as an important invader during the use 
of penicillin ointment (94). It was possible to reduce the occur- 
rence of this organism, but not to eliminate it regularly from 
the burns, by applying an ointment of polymyxin E topically. 
Resistant strains of Pseudomonas did not emerge, but the poly- 
myxin E was too expensive and so was reserved for the therapy 
of contaminated burns in which skin grafting was contemplated 
(8). Polymyxin B or colistin should be equally effective and 
should not be too costly if used in low but still effective con- 
centrations and for brief periods in areas where Pseudomonas is 
frequently encountered. 

Taylor (8) summarized current concepts as follows: Local 
application of penicillin (in lanette wax) is desirable and suc- 
cessful for prevention of invasion by hemolytic streptococci. 
Systemically administered antibiotics fail to prevent coloniza- 
tion with staphylococci because of the ready emergence of re- 
sistant strains. Rigorous control of cross-infection must remain 
the chief protection against infection with staphylococci and 
other common invaders, notably Pseudomonas; but these too 
may be controlled by the local application of neomycin, bacitra- 
cin and polymyxin. These drugs are too costly for routine use 
but may be indicated in large burns in which early and success- 
ful grafting is mandatory. Lowbury (90) expressed the view 
that perhaps the use of antibiotics in rotation and with economy 
might prove more effective than combined therapy. He sees the 
greatest hope for the antibacterials in the development of agents 
which, like bacitracin, neomycin, chlorhexidine and vancomy- 
cin against Staphylococcus and the polymyxins against Pseudo- 
monas, never or hardly ever select variants that are resistant 
and still capable of causing infection. There is no satisfactory 
local or systemic chemoprophylaxis against Proteus and some 
other gram-negative bacilli (91). Until such agents are avail- 
able, he feels that the best procedure is to improve aseptic dis- 
cipline and to block the lines of bacterial contamination, as was 
indicated by the earlier studies of Colebrook et al. (88). 

A controlled study of the topical use of several antibacterial 
agents, singly and in combination, in granulating burn wounds 
in relation to skin grafting was reported by Hummel et al. (95) 
from the Brooke Army Medical Center. They used nitrofura- 
zone, chloramphenicol, tetracycline, neomycin, polymyxin B 
and also petrolatum alone, and treated burns only before the 
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60th day. Judging by the percentage of graft “takes,” appear- 
ance of the granulating tissues and bacterial counts from the 
surface, these workers obtained no evidence that one agent was 
more effective than any other or that any was superior to the 
petrolatum base alone. They concluded that locally applied 
antibiotics have no more value than frequent cleansing and 
changing of the dressings in preparation of the recipient site in 
the well-treated burn patients. They did not, however, study 
chronically infected burns. 


URINARY TRACT 


In 1946, Prince (96) reported what he considered to be the 
first instance of prevention of infection following transurethral 
resection of the prostate. In 17 of 36 patients given sulfadiazine 
on the day before and penicillin plus sulfadiazine for 5-7 days 
after this operation, the urine was sterile at the time of dis- 
charge from the hospital; the other 19 patients, in 10 of whom 
the preoperative urine was sterile, had infected urine when dis- 
charged, the most frequently cultured organism being Pseudo- 
monas, though some yielded Escherichia coli, Aerobacter and 
staphylococci. Blahey (96a) in 1952 reported the results of 
studies with oxytetracycline (chosen because of the high con- 
centrations excreted in the urine) given before and after gyne- 
cologic operations. He concluded that, although pyuria was 
reduced in treated patients who did not have urinary retention, 
infection was not reduced; only the bacterial flora of the urine 
was changed. Whereas E. coli predominated in preoperative 
urines, these organisms were rarely found postoperatively; on 
the other hand, Proteus and staphylococci, which were rare in 
preoperative. urines, predominated after the operations and 
made difficult problems in management. 

In 1954, Jénsson and Erlanson (97) concluded after study of 
several hundred cases that chemotherapy did little to prevent 
infection following surgery for prostatic disease or tumors of 
the bladder where an indwelling catheter or suprapubic drain- 
age was necessary. On the other hand, patients operated on 
because of calculi or malformations seldom became infected. 
Repeated catheterization or other instrumentation and indwell- 
ing catheters nearly always led to infection with resistant strains 
that were nosocomial in origin. In the treatment of established 
infections of the urinary tract, they, like others, obtained good 
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results in nearly all acute, uncomplicated cases, but only in 
about a third of the chronic and complicated ones. 

From his review of urinary tract infections in 1955, Kass (98) 
concluded that the prophylactic use of antibacterial drugs, 
singly or in combination, in patients with inlying catheters is 
probably valueless, serving merely to convert the urinary flora 
from susceptible to resistant strains. Pierce (99), in 1958, after 
similar experiences, adopted the policy of postponing the use 
of antibacterial agents until 6 weeks after prostatectomy. He 
cited Volk as indicating that nitrofurantoin, like other anti- 
bacterial drugs, had failed to prevent urinary infections follow- 
ing vaginal operations in patients with indwelling catheters. 
Lunt et al. (100) also noted that catheterization accounted for 
25% of infections following gynecologic operations despite anti- 
microbial therapy. 

The prophylactic use of chloramphenicol pre- and postopera- 
tively in a carefully alternated series of 100 cases of transure- 
thral resection of the prostate was reported by Appleton and 
Waisbren (101). The drug had no significant effect, as judged 
by the occurrence of postoperative bacteremia, urine cultures, 
pyuria, drainage period, fever, period of hospitalization and 
mortality. These workers found no evidence to justify the use 
of prophylaxis in such cases. In a study of patients with retro- 
pubic prostatectomy, Marshall (10la) found that those who 
present with an infected urine after a brief period of catheter 
drainage appear to get better results if treated with an appro- 
priate antibiotic than if given either “routine” prophylactic anti- 
biotics or none; sterile cases, on the other hand, do very well 
without antimicrobial prophylaxis. 

Patients with malfunction or paralysis of the bladder requir- 
ing drainage by catheter present another situation in which 
prophylactic chemotherapy appears to be logical but in practice 
is futile. Riley and Knight (102) observed 50 consecutive pa- 
tients with paralytic poliomyelitis with this complication; 44 
of them had indolent, persistent and steadily progressive infec- 
tion, although often without symptoms. Bladder catheterization 
and immobilization of the patients were the predisposing fac- 
tors. The frequent use of antibacterial drugs in these patients 
led to a predominance of strains of Proteus and Aerobacter in 
the urine, and calculi developed in 21 of the 44 infected patients. 

That preconceptions and vain hopes, rather than hard estab- 
lished facts, still prevail in this field is well illustrated in 
Nourse’s discussion (103) of the management of the patient 
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who fails to void after operation. He emphasized the great care 
required in catheterizing such patients in order to minimize 
infection and prefers a properly applied indwelling catheter to 
repeated catheterization when required because of the overdis- 
tended bladder, which should be avoided at all times. Referring 
to chemoprophylaxis, he stated: “Evidence points to the futility 
of chemoprophylaxis in preventing infection. . . . I personally 
will continue to use maintenance doses of some drug even if it 
does nothing but salve my conscience. The clinical well-being 
of the patient is important.” 

The question that may properly be asked is how the well- 
being of the individual patient, and also of all other Patients, 
may best be promoted. Added care to prevent or minimize the 
introduction of new infection, as, for example, by a thoroughly 
closed and bacteria-proof system of drainage, is most important, 
but other methods, perhaps more physiologic and potentially 
less harmful than the use of antibacterial drugs, must be sought. 
The proper use of acidifying agents (104), increased urine flow 
and intermittent drainage (105), which decrease retention of 
urine and provide a less favorable milieu for rapid bacterial 
growth, may provide more reasonable methods of minimizing 
the extent of the infections and the resulting tissue reactions. 

There is, however, one related area in which prophylactic 
chemotherapy seems to be highly useful, namely, pyelonephritis 
of pregnancy (106). A systematic study of quantitative bac- 
terial counts of the urine of women during pregnancy has re- 
vealed significant asymptomatic bacteriuria (100,000 colonies 
or more per ml.) in about 6-8%. Follow-up of these patients 
indicated that 40% of these women, when untreated, develop 
acute pyelonephritis either later in pregnancy or soon after 
delivery. Elimination of the bacteriuria by the prophylactic 
administration of a sulfonamide or other active drug continu- 
ously during the pregnancy prevented the occurrence of such 
infections in every instance. More recent evidence suggests the 
possibility that reduction of prematurity and perinatal deaths 
may be expected from such prophylaxis (107). 

The addition of neomycin to the contrast medium used in 
retrograde pyelography did not prevent the occurrence of bac- 
teremia, and additional antibacterial therapy was required in 
some cases (108). 

The subject of urinary tract infections should not be dis- 
missed without some caution as to the interpretation of cultures 
of the urine. The urine is an excellent medium for many com- 
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mon intestinal and other bacteria, and small numbers of con- 
taminating organisms will grow out readily if the urine is 
permitted to stand or if cultures are made in a liquid medium. 
Only quantitative cultures and direct smears of properly col- 
lected, clean-voided specimens of patients not receiving bacterio- 
static drugs can provide reliable evidence of a relation of the 
cultured organisms to possible infection. Treatment or prophy- 
laxis based merely on the finding of organisms and on tests of 
their susceptibility to antibiotics has resulted in a tremendous 
waste of therapy and unnecessary harmful effects in many 
patients. 


SPECIAL CONTAMINATED AREAS 


Septic HAND.—Infections of the hand may be of considerable 
importance, especially to workers kept off their jobs for long 
periods. Although the use of antibiotics to aid in localizing such 
infections is generally recommended, their value after surgical 
drainage is controversial. The conflicting evidence was reviewed 
by Anderson (109), who also studied 357 cases divided into 3 
unselected groups receiving no chemotherapy or penicillin orally 
or intramuscularly. The average respective healing times was 
9.4, 9.5 and 9.2 days. He therefore concluded that the routine 
postoperative use of penicillin in such cases can be safely 
omitted provided careful surgical technic, based on accurate 
anatomic diagnosis, is used. Possibly web abscess and threat- 
ened infection of the structures that move or support the hand 
are proper indications for chemotherapy. 

Doc srres.—These may have special significance because 
Pasteurella septica (P. multocida) is common in the respiratory 
tract of dogs (and cats). Reports of infection with this organism 
are few; this, according to Lee and Buhr (110), may be due to 
inadequate culturing, and actually such infections may be quite 
common and serious. They were able to demonstrate this organ- 
ism in 12 (17%) of 69 dog bites. The strains tested have all 
been moderately sensitive to penicillin (inhibited by 0.2 units 
or less per ml.) and they are readily eradicated from the respir- 
atory tract of dogs by penicillin therapy. Frank wound infec- 
tions developed in 29% of all of the bites and in 47% of 30 that 
had been sutured, but only in 1 of 9 patients who had received 
prophylactic penicillin. Of the 12 bites that yielded P. septica, 
10 became infected; these required prolonged treatment and 
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resulted in unsightly scars. Since many children are bitten by 
dogs, often on the face, these authors recommend prophylactic 
penicillin therapy for all patients with serious dog bites, espe- 
cially those which are sutured, to assure healing with a mini- 
mum of scarring. 

ORAL suRGERY.—The uses of antibiotics in all types of oral 
surgery were reviewed by Alling and Pulaski (10). They noted 
that the most rewarding response to antibiotic therapy has fol- 
lowed its judicious use to supplement appropriate surgery in 
acute infections, such as periapical, parietal and pericoronal 
abscess, ulceromembranous stomatitis, acute osteomyelitis and 
infections and cellulitis of the contiguous facial spaces. They 
recommended starting treatment in such cases immediately, 
while awaiting results of bacteriologic studies, then altering the 
antibiotics as indicated. Chronic infections involving necrotic 
bone, marginal gingivitis, pericoronal flaps, papillary hyperpla- 
sia of oral mucosa and periapical granulomas do not respond 
well to antibiotics. Routine extraction of teeth, most minor 
surgery (such as root resection), surgery for immediate den- 
tures, biopsies, and excision of cysts and tumors do not require 
antibiotic therapy if the mouth is otherwise healthy. Prophylaxis 
during such procedures is, however, recommended in patients 
with congenital or valvular heart disease, as noted previously 
(Finland [11]). 

Alling and Pulaski (10) recommended the routine use of 
antibiotics in operations involving resections, grafts, fractures 
of the maxilla or mandible. Whenever maxillofacial surgery is 
complicated by craniocerebral involvement or surgery includes 
entry into accessory nasal sinuses or the cranial cavity, a sul- 
fonamide and/or chloramphenicol should be used to protect 
against meningitis. They believe that antibiotics have extended 
the latitude of possible surgical procedures and have reduced 
the morbidity after surgery. Unfortunately, there are no con- 
trolled studies which permit comparisons of results of routine 
prophylactic use of antibiotics with the effect of their prompt 
use specifically directed against infectious complications as 
soon as they are detected. 

The incorporation of penicillin into dentifrices has been sug- 
gested as a possible way to prevent dental caries. However, con- 
trolled studies failed to bear this out clearly. The proportion of 
the less sensitive organisms of the normal mouth flora increases 
during continuous use of such dentifrices, but highly resistant 
strains do not appear (111). 
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ANORECTAL SURGERY.—Wounds in the anorectal areas are 
obviously exposed to the large variety of bacteria of the fecal 
flora. Although it would seem that prophylaxis with antibac- 
terial drugs should be helpful in surgery of this area by inhibit- 
ing multiplication of these organisms, preventing infection and 
thus aiding healing, the possibility of eliminating sensitive or- 
ganisms and permitting resistant ones to multiply introduces a 
serious hazard. Banov (112) has reported a group of cases of 
hemorrhoidectomy and fissurectomy, all performed by the same 
operator, in which some patients received no antibiotics and 
others received erythromycin or tetracycline beginning within 
4 hours after the operation and continuing for the next 3—7 
days. No difference could be detected objectively in the healing 
of the wounds in the 3 groups. McGivney, discussing these find- 
ings, indicated that he had had similar results with broad- 
spectrum antibiotics in similar cases and also noted that even 
preoperative preparation of the bowel with neomycin and sulfa- 
thalidine made little difference in the appearance and healing 
time of the wounds as compared with controls. He feels that the 
use of antibiotics in anorectal surgery is not only impractical 
but may be dangerous. 


GENERAL DISCUSSION AND SUMMARY 


In 1950, before the New York Academy of Medicine, this 
writer (113) reviewed the prophylactic uses of antibiotics that 
had been found of value and noted others for which there was 
no adequate basis in any controlled clinical or epidemiologic 
experience. It was then noted, in summary, how many uses 
could be, and indeed had been, rationalized to the point where 
continuous administration of antibacterial agents could be justi- 
fied for almost any individual, literally “from the womb to the 
tomb.” In the present issue and in the preceding parts of this 
series (11, 114) an attempt was made to gather some of the 
relevant reports from which the value of chemoprophylaxis for 
a variety of conditions could be assessed. Some of these reports 
represent the results of genuine attempts to arrive at a true 
assessment of the use of the antibacterial agents by objective 
data from well-designed and well-controlled studies. Others rep- 
resent observations that are less well controlled and the results 
are, therefore, less conclusive; and in some areas, only opinions 
based on impressions or testimonials from uncontrolled experi- 
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ence are available. Some of the early impressions of favorable 
effects have not withstood the test of time, and even the intro- 
duction and use of new drugs as they became available have 
resulted in only temporarily improved effects, after which their 
advantage was also lost. 

It should be clear, from the studies cited, that only by use of 
these drugs under strictly controlled conditions will a reliable 
estimate of the benefits emerge, and then possibly only in those 
particular circumstances because of changing conditions. Some 
of the major factors that determine the feasibility and probable 
effectiveness of antibacterial prophylaxis of infections may be 
summarized briefly. 

THE ORGANISM.—Since the antimicrobial drugs act only by 
killing or inhibiting the growth of bacteria, prophylaxis can be 
successful only if the organism causing the infection to be pre- 
vented is susceptible to the drug that is used and can be elimi- 
nated from the individual or prevented from implanting and 
multiplying at its site of entry. This is best attained when a 
single organism is involved and is highly sensitive. In addition, 
the durability of the organism, its prevalence and reservoirs in 
the individual and in the environment are important with re- 
spect to the possibilities of its elimination and then of reinfec- 
tion. When multiple organisms are involved, the chances of 
success diminish according to the degree of resistance of the 
various pathogens to the drug or drugs used and the inter- 
actions of the organisms in the presence of the drugs. For ex- 
ample, large numbers of penicillinase-producing staphylococci 
or other organisms may interfere with the action of penicillin 
on streptococci in the throat; and the elimination or reduction 
in numbers of the common species of organisms from the bowel 
flora by tetracyclines or neomycin may encourage the multipli- 
cation of resistant enteropathogenic staphylococci or of Can- 
dida. The rate at which the organism is killed by the drug used 
and its tendency to acquire resistance to that drug, as well as 
the nature of that resistance, whether temporary or durable, in 
the strains carried by the individual or found in his environ- 
ment, are also determinants of the immediate and long-term 
success of the prophylaxis. 

LOCATION OF THE ORGANISM.—The site of the infection or of 
the implantation of the pathogen may be important in determin- 
ing the mode of application and dosage and even the drug of 
choice. 

THE ANTIBACTERIAL AGENT.—The absorption, excretion and 
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disposition of the prophylactic drug, its penetration into various 
body tissues, its binding to protein, susceptibility to antagonistic 
actions of other agents or inactivation by bacterial products 
(penicillinase, sulfonamide inhibitors) and the effect of changes 
in pH on its action are all important determinants of the choice 
of agent to be used, its mode of administration and the proba- 
bility of its success. Regardless of how favorable all of these 
factors and the activity of the drug may be, its toxicity by the 
method of administration chosen may be the overriding factor. 
DURATION AND INTENSITY OF TREATMENT.—These vary with 
the purpose of the prophylaxis. If the protection is directed 
against a single exposure with a highly susceptible organism 
that is easily eradicated, as in gonorrhea, a single small or mod- 
erate dose may be adequate, or only a short course may be 
necessary, as in exposure to meningococcal infection. However, 
if the protection desired is against frequent or possibly continu- 
ous exposure or against chronic infection with an organism or 
infection that is only very slowly reduced or controlled, treat- 
ment must be continuous and prolonged and may have to be 
intensive. If it is essential to prevent reinfection that may occur 
at any time, as in the case of streptococcal infections in rheu- 
matic subjects or infection by pneumococci or H. influenzae, as 
in chronic bronchitis, the prophylaxis must also be continuous. 
Host Fractors.—In certain infections, factors in the host may 
interfere with the success of chemoprophylaxis. These may 
include the intracellular character of the infectious agent, as in 
viral or rickettsial diseases, or inaccessibility to the action of 
the drug of bacteria in a walled-off location, or the bacterio- 
static nature of the drug action that precludes eradication of 
the organisms, or other reasons that are less clear. In such cir- 
cumstances, long-term or preferably intermittent therapy may 
be effective, presumably because of the improvement of host 
resistance during the intervals between the treatment periods 
and before infection has increased to serious proportions. 
INDIVIDUAL VS. MASS PROPHYLAXIS.—Continuous prophylaxis 
in an individual is most likely to be effective with a minimal 
risk of infections with resistant variants if carried out on an 
ambulatory basis or in the home, that is, removed from an 
environment where large amounts of antibiotics are used and 
in which the opportunities for cross-infection with antibiotic- 
resistant organisms are great, namely, the hospital. Mass pro- 
phylaxis has the best chance for success if it is relatively brief, 
the causative organism of the infection to be prevented is highly 
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susceptible to the antibiotic used and resistant pathogens are 
not prevalent at the time. The success of prophylaxis in hospi- 
tals, institutions or large compact units may be limited by the 
emergence or introduction and spread of resistant, pathogenic 
and invasive variants, as was the case during the program of 
mass sulfadiazine prophylaxis in the Armed Services during 
World War II, or during attempts to prevent the spread of epi- 
demic staphylococcal infections in nurseries, or to minimize 
such infections in surgical wounds or burn surfaces. The emer- 
gence of increasing proportions of strains of organisms highly 
resistant to the widely used antibiotics (115), particularly 
among staphylococci and the common coliform organisms, has 
been the most important complication of the widespread use 
of antibiotics, especially for prophylaxis (22). It has also been, 
in turn, the determining factor in the diminishing effectiveness 
of chemoprophylaxis and thus indirectly a cause of increased 
morbidity from its use because the resulting infections, even 
when not more numerous, are more difficult to control. 

In general, when an antibacterial agent is to be used in the 
prophylaxis of infections that may develop in contaminated 
wounds or during operations through a contaminated field, it is 
advisable to obtain suitable cultures of the area before treat- 
ment is instituted and to repeat these cultures during the course 
of therapy, which can then be changed or adjusted as indicated 
by the results of the cultures and sensitivity tests if the condi- 
tion of the patient or of the wounds suggests that the infection is 
not adequately controlled. Mere growth of organisms, especially 
in small numbers without evidence of infection, should not in 
itself be an indication for institution or change of therapy. 

Nearly all competent surgeons and others interested in sur- 
gical infections seem to agree that the routine use of antibac- 
terials for prophylaxis, especially in clean operations, is un- 
necessary and undesirable (1-9, 116-119). Its routine use is a 
confession of insecurity for some, and may act as a license for 
partial laxity, or at least as a deterrent to maximal effort to 
obtain the optimum of control by strict asepsis. In a sense, 
therefore, such prophylaxis represents a reversion, in part, to 
the older era of antisepsis in surgery. 

As more and better-controlled studies reveal increasing num- 
bers of situations in which the advantages of routine prophy- 
laxis are more than balanced by their disadvantages, reliance 
placed on antibacterials is decreasing, and more emphasis is 
being placed on skilful surgery and strict asepsis, with adequate 
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control of the environment. Antibiotic prophylaxis in surgery 
may thus be considered another phase of the “struggle against 
sepsis” (119). Antibiotics in general are likely to be applied 
most successfully when used specifically for infection with 
organisms against which they have proved to be effective. In 
surgery, their optimal use is as an adjunct to surgical evacua- 
tion of suppurative foci and in the prevention of extension or 
invasion from an active, acute inflammatory lesion. 
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